Background--The knowledge of the impact of cardiovascular risk factors at different ages has mainly been based on different studies performed at different ages. This study aimed to investigate the change in impact of traditional cardiovascular risk factors over the aging process in subjects followed for 4 decades.
D
espite efforts during recent years to identify new risk factors or biomarkers that can predict cardiovascular diseases, no major breakthrough has been made in the clinical setting to beat the traditional risk factors that have been known for decades: blood pressure, diabetes mellitus, low-density lipoprotein (LDL)-and HDL, high-density lipoprotein (HDL)-cholesterol, smoking, and obesity. These traditional risk factors thus appear robust, and a deeper understanding of their usefulness is therefore desirable.
One question about their use regards aging. Most studies on the traditional risk factors have been performed in middleaged populations, typically followed for 10 years. When calculating risk scores based on the traditional risk factors, like the Europe-based SCORE, no information is given for elderly subjects. 1 Thus, it is evident that information on the usefulness of these traditional risk factors in the elderly is limited. It is likely that the impact of a risk factor would decline by aging, given that there is a survival bias in the elderly: Many of those with high levels of risk factors at midlife would have experienced an event or died before being included in an investigation of risk factors in the elderly. And, indeed, the impact of a risk factor is usually lower than expected from studies in middle-aged samples when elderly populations are investigated. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] However, using this approach, it is hard to compare the strength of a risk factor in younger versus elderly subjects. In order to study the impact of aging on the strengths of risk factors in a longitudinal fashion, we have, in the present study, used a sample of men all aged 50 years at a baseline examination in the early 1970s who has, so far, been followed for 4 decades. We tested the interactions between age and the traditional risk factors regarding incident cases of 3 major cardiovascular diseases: myocardial infarction, ischemic stroke, and heart failure, with the hypothesis that the strength of most, but not all, traditional risk factors would decline by aging. The major question to be answered was which of the risk factors that still retained an important impact in the elderly.
Methods
The data, analytical methods, and study materials will be made available on request to other researchers for purposes of reproducing the results or replicating the procedure.
Study Sample
In 1970 to 1973, all men born in 1920 to 1924 and residing in the county of Uppsala were invited to a health survey (at age 50) aimed at identifying risk factors for cardiovascular disease; 82% of the invited men participated (n=2322). The design and selection criteria for the cohort have been described previously. 12, 13 Reinvestigations with physical examinations of the cohort were performed at ages 60 (n=1836), 70 (n=1214), 77 (n=834), and 82 years (n=525).
In the present study, subjects with a history of myocardial infarction (MI), stroke, or heart failure at baseline at age 50 were excluded from further analysis (n=30).
Informed written consent was obtained and the Uppsala University Ethics Committee approved the study.
Baseline Examinations
The examination at age 50 has been described in detail previously. 12, 13 Blood samples for fasting concentrations were drawn in the morning after an overnight fast. Cholesterol and triglyceride concentrations in serum and HDL were assayed by enzymatic techniques. LDL-cholesterol was calculated by Friedewald's formula. Fasting blood glucose was determined by an oxidase method. Supine systolic blood pressure (SBP) and diastolic blood pressure were measured twice in the right arm after 10 minutes of rest, and means were calculated. The physical examinations at the reinvestigations were performed essentially in the same way as at age 50.
End Point Definitions
Date and cause of death were obtained from the Swedish Cause of Death Register. Date and cause of hospitalization were obtained from the Swedish Hospital Discharge Register in all individuals, not only those attending the re-examinations. We evaluated 3 major cardiovascular diseases; acute MI (International Classification of Diseases [ICD-9] code 410, ICD-9 code 310, or ICD-10 code I20), ischemic stroke (ICD-8 codes 431, 433-436, ICD-9 code 431, 433-436, ICD-10 code I63-I66), or heart failure using data from the Swedish Hospital Discharge Register. Combining data from the Swedish Cause of Death Registry and the Swedish Hospital discharge register is an efficient, validated alternative to revised hospital discharge notes and death certificates for both coronary heart disease and stroke. 14 Previous studies suggest that the accuracy of the heart failure diagnosis in the Swedish hospital discharge register has lower validity 15 when including all diagnosis positions. Therefore, we performed extensive medical chart review in order to promote the highest quality of the diagnosis of heart failure and to include as many correctly classified heart failure events as possible. In short, as a possible diagnosis of heart failure, we considered ICD heart failure codes 427.00, 427.10, 428.99 (ICD-8), 428 (ICD-9), and I50 (ICD-10) and hypertensive heart disease with heart failure (I11.0 [ICD-10]) from the Swedish Hospital Discharge Register. The medical records from all relevant hospitalizations for heart failure were reviewed by 1 experienced physician (L.L.), who, blinded to the baseline data, classified the cases as definite, questionable, or miscoded. Only the define cases were used in the following analyses. The classification relied on the definition proposed by the European Society of Cardiology. 16 
Statistical Analysis
Because the focus of this study was to investigate how the impact of risk factors of cardiovascular disease change over time, we used Poisson models with interactions between risk factors and age to account for the possibly time-varying effects of risk factors. Although the Cox model, which is the most common method used to analyze time-to-event data, can be extended to accommodate time-varying effects, the
Clinical Perspective
What Is New?
• The present study is the first to investigate changes in the strengths of classical risk factors for the major cardiovascular diseases myocardial infarction, ischemic stroke, and heart failure over a 40-year follow-up in a longitudinal study.
What Are the Clinical Implications?
• Whereas the strengths of the risk factors were generally reduced by aging, low-density lipoprotein-cholesterol was significantly related to incident myocardial infarction, and both body mass index and fasting glucose were significantly related to incident heart failure also at a high age.
Poisson model allows for direct parametric modeling and estimation of the baseline rate which in this study was aging. Follow-up time for each individual was further split into 5-year intervals in which we assumed that the rate was constant. Age was modeled with a 4-degree of freedom restricted cubic spline with knots placed at the 5th, 35th, 65th, and 95th percentiles of the age distribution conditioned on the occurrence of an event in all models. Continuous risk factors (LDL and HDL cholesterol, SBP and diastolic blood pressure, body mass index [BMI] , fasting blood glucose, and serum triglycerides) were modeled using restricted cubic splines with knots placed at the 10th, 50th, and 90th percentiles of each variable's marginal distribution. All these risk factors were included in the models together with current smoking. Interactions were restricted to include linear terms only. Nonlinear terms for the continuous risk factors were either kept or deleted based on a test of all nonlinear terms where the null hypothesis tested was that all regression coefficients corresponding to the nonlinear terms were equal to zero. Nonlinear terms for age were kept in all models. Also included in the models were offsets equal to the natural logarithm of follow-up time for each individual.
These Poisson models were used to calculate:
1. Interactions between the total set of risk factors and age regarding the 3 outcomes. 2. Interactions between each separate risk factor and age regarding the 3 outcomes. 3. Three-dimensional (3D) graphs illustrating the interplay between each separate risk factor and age regarding the 3 outcomes. 4. Two-dimensional (2D) graphs and the corresponding rate ratios (RRs) for each separate risk factor regarding the 3 outcomes for a 5-year follow-up from the physical examinations performed at 50, 60, 70, 77, and 82 years.
Data on LDL-and HDL-cholesterol, as well as triglycerides, were missing in a number of individuals at the examination at 60 years (68%, 88% and 88%, respectively). Those values were imputed using a hierarchical model in which each individual's trajectory over time was modeled. Imputations were then made using predicted values at 60 years from that model.
In a set of secondary analyses, we also included data on antihypertensive treatment, diabetes mellitus treatment, and lipid-lowering treatment in the models.
We also added a new set of analyses using multiple imputation 17 to create and analyze 20 multiply imputed data sets. Incomplete variables were imputed under fully conditional specification. 18 Model parameters were estimated with the Poisson described above to each complete data set separately. The estimates and their SEs were then pooled using Rubin's rules. All analyses were made using R (version 3.2.4; R Foundation for Statistical Computing, Vienna, Austria) and the lme4 and Epi packages.
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Results
Participant characteristics are presented in Table 1 .
Myocardial Infarction
Five hundred forty incident cases of MI occurred during a median total follow-up of 29 Lipid-lowering medication (n and %) 23 (1) 126 (7) 107 (9) 134 (16) 101 (19) A significant interaction was noted between age and the set of traditional risk factors regarding incident MI (P=0.0033). When the interactions between the individual risk factors and age regarding incident MI were calculated, only BMI and smoking showed P<0.05 (P=0.020 and P=0.026, respectively; Table S1 ). Interactions are graphically illustrated by 3D plots in Figure 1 and Figure S1 . In those figures, the impact of the risk factors over time on incident MI is illustrated by the area in the 3D plot.
To interpret these risk factor versus age interactions in a more traditional way, the relationships between the risk factors and MI were calculated at the time of the different examination cycles (50, 60, 70, 77, and 82 years) with a follow-up of 5 years from each examination cycle. These "2D data" are graphically given in Figure 2 .
When the RRs for the traditional risk factors were calculated from this "2D approach" separately for measurements performed at ages 50, 60, 70, 77, and 82 years, for BMI the RRs declined with increasing age and was only significantly (P<0.05) related to incident MI when measured at ages 50 and 60. RRs also declined by age for SBP and smoking, but in those cases a significant association was found at all examinations up to 77 years. On the contrary, the RRs for LDL-cholesterol tended to increase with aging and was highly significant also at age 82. RRs for HDL-cholesterol increased with age and was significant at ages 50, 60, and 70. A similar attenuation of the impact of fasting glucose was observed, being significant at ages 50, 60, 70, and 77. Serum triglycerides were not significant at any examination (details are given in Table 2 ). pressure and age on the incident rate (log rate) of ischemic stroke. The P values for the interaction term between systolic blood pressure and age regarding ischemic stroke is given in the figure. 3D indicates 3-dimensional.
In the secondary analyses, also including antihypertensive treatment, diabetes mellitus treatment, and lipid-lowering treatment in the models, the results were essentially the same as in the primary analyses not including treatments, except that the RRs were reduced for SBP at ages 50, 60 and 70 and now were significant only at age 70 (see Table S2 for details).
Ischemic Stroke
Three hundred forty-three incident cases of ischemic stroke occurred during a median total follow-up of 30.6 years (range, 0.04-43.3, corresponding to 64 074 PYAR) giving an incidence rate of 5.35/1000 PYAR.
A significant interaction was observed between age and the set of traditional risk factors regarding incident ischemic stroke (P=0.025). When the interactions between the individual risk factors and age regarding incident ischemic stroke were calculated, only SBP showed P<0.05 (P=0.0067; Table S3 ). These interactions are graphically illustrated by 3D plots for each risk factor in Figure 3 and Figure S2 . As with MI, the 2D equivalent graphs at ages 50, 60, 70, 77, and 82 years are given in Figure 2 .
When RRs for the traditional risk factors were calculated separately for measurements performed at ages 50, 60, 70, 77, and 82 years, RRs for SBP, fasting glucose, and smoking declined by aging, being significant for SBP at all ages up to 77 years, whereas glucose and smoking were only significant at ages 50 and 60 (details are given in Table 3 ). The impact of both HDL-and LDL-cholesterol, on the other hand, tended to increase over time and was significantly related to incident ischemic stroke at ages 77 and 82. The interaction term between HDL-and LDL-cholesterol and age was, however, not significant. BMI and serum triglycerides were not significantly associated with incident ischemic stroke at any age. In the secondary analyses, also including antihypertensive treatment, diabetes mellitus treatment, and lipidlowering treatment in the models, the results were essentially the same as in the primary analyses not including treatments, except that RRs were reduced for glucose and now were not statistically significant (see Table S4 for details).
Heart Failure
Three hundred ninety-seven incident cases of heart failure occurred during a median total follow-up of 31.0 years (range, 0.04-43.3, corresponding to 64 573 PYAR), giving an incidence rate of 6.14/1000 PYAR.
A significant interaction was observed between age and the set of 7 traditional risk factors regarding incident heart failure (P=0.0007). When interactions between the individual risk factors and age regarding incident ischemic stroke were calculated, only SBP and HDL-cholesterol showed P<0.05 (P=0.0045 and P=0.016, respectively; Table S5 ). These interactions are graphically illustrated by 3D plots for each risk factor in Figure 4 and Figure S3 . As with the other 2 outcomes, the 2D equivalent graphs at ages 50, 60, 70, 77, and 82 years are given in Figure 2 .
When the RRs for the traditional risk factors were calculated separately for measurements performed at ages 50, 60, 70, 77, and 82 years, the RRs for BMI showed only a minor decline by aging and were significant at all examination cycles. Also, the RRs for fasting glucose were constant over time, and were significant at the older ages. RRs for SBP and smoking showed a pronounced decline with age and were no longer significant at age 82. RRs for HDL-cholesterol increased with aging, being significant only at ages 50, 60, and 70. Serum triglycerides were not significant at any examination (details are given in Table 4 ).
In the secondary analyses, also including antihypertensive treatment, diabetes mellitus treatment, and lipid-lowering treatment in the models, the results were essentially the same as in the primary analyses not including treatments, except that the RRs were reduced for SBP at ages 50, 60, 70 and 70 and now were significant only at ages 50, 60, and 70 (see Table S6 for details). Also, the RRs for glucose were slightly reduced and no longer significant at age 82 (P<0.059).
In the additional analyses using multiple imputation, only minor changes in the results were observed, although confidence intervals for some contrasts were slightly wider. Because the results did not change to any major degree and did not affect the conclusions of the study, these new calculations are added in a Table S7 .
Diastolic blood pressure did not have a significant relationship with any of the 3 cardiovascular outcomes studied and was therefore not included in the tables or figures.
Serum Triglycerides
Because it is well known that serum triglycerides have a larger measurement variation than the closely related HDL-cholesterol and BMI, the impact of serum triglycerides is often attenuated in models including also HDL-cholesterol and BMI. We therefore analyzed how serum triglycerides were related Journal of the American Heart Association to the 3 cardiovascular outcomes in models only including serum triglycerides and age. Table S8 shows that RRs for serum triglycerides were highly significant at all ages regarding MI. Regarding heart failure, a slight attenuation in RR with aging was observed with significant RRs at all ages except age 82. Serum triglycerides were not related to incident ischemic stroke at any age.
Discussion
The present study showed, as expected, that most risk factors measured at middle age lost in power during the aging process regarding associations with incident cardiovascular disease. However, some exceptions from this general rule were noted: LDL-cholesterol was significantly related to incident MI, whereas BMI and fasting glucose were related to incident heart failure also in the elderly. The main reason for the general decline in the power of the risk factors over time is likely to be attributed to the fact that individuals with the highest values of the risk factors at midlife will experience an event at an early age, and therefore mainly low-risk individuals will remain at risk as the cohort becomes older. Thus, every cohort will consist of "survivors" when the follow-up increases, and in this group of survivors the impact of risk factors will be diminished.
Comparisons With the Literature
The knowledge that the impact of many risk factors decline with age is not new. However, this knowledge is mainly based on different studies performed in elderly subjects, 2-11 and very few longitudinal studies exist. Abbot et al investigated the impact of aging on the strength of risk factors for coronary heart disease in the Honolulu Heart Program with 26 years of follow-up in a cohort of males aged 45 to 68 years at baseline. 22 Using 6-year follow-up periods from 3 physical examinations, they showed Journal of the American Heart Association that the impact of blood pressure, smoking, and BMI declined significantly with aging, serum total cholesterol showed a nonsignificant decline, whereas the impact of diabetes mellitus was fairly constant over time. The same researchers also published a similar analysis regarding ischemic stroke in the same sample and found that the impact of blood pressure and smoking declined by aging, whereas diabetes mellitus continued to be a risk factor at all ages. 23 The present and the 2 articles by Abbot et al share many similarities in that they deal only with men, have follow-up periods of 5 to 6 years from each physical examination, and were conducted in similar calendar periods. The present study has a longer follow-up period and is standardized for age at baseline, which makes the evaluation of the impact of the aging process easier to interpret.
We have previously compared risk factors regarding MI and stroke between ages 50 and 70 in the present cohort, 12, 13 and this study adds information of the impact of risk factors up to age 82 years. Furthermore, no other study has studied the impact of aging on risk factors for heart failure in a longitudinal fashion.
BMI as a Risk Factor
BMI is an interesting risk factor, given that it repeatedly has been shown that obesity at middle age is an important risk factor for cardiovascular disease, 24 whereas a high BMI seems to be protective in subjects who have experienced a cardiovascular event, like MI or heart failure. This has been termed the "obesity paradox." 25 In the present study, the impact of BMI during aging was very much dependent on the studied outcome. For MI, the hazard ratio for BMI declined rapidly from age 50 and was not of importance from age 70, despite the fact that BMI actually increased in the cohort during this time period. The decline in the impact of BMI as a risk factor for MI with aging in this population is probably 1 explanation for the obesity paradox, given that the majority of MI cases occur later than age 70, but other mechanisms are likely to contribute as well. Contrary to the rapid decline in the impact of BMI on incident MI, a much less pronounced decline was observed regarding heart failure, and in this case BMI was an important risk factor also at age 82. It is well documented that lean heart failure patients have a worse prognosis than obese and overweight patients. 26 However, an age-related decline of the impact of BMI cannot be responsible for this obesity paradox, and other pathogenetic mechanisms in the state of heart failure must be suspected.
Lipids as Risk Factors
LDL-cholesterol declined with age in the cohort. This is possibly both attributed to a survival effect as well as an Journal of the American Heart Association awareness to decrease fat intake in the population in the 1970s and 1980s. Despite this decline in LDL-cholesterol levels, LDL-cholesterol remained a strong risk factor for MI over the entire follow-up period and actually became significantly related to ischemic stroke at older ages. However, a beneficial use of statin therapy to lower LDL-cholesterol in the elderly is a matter of debate, especially in primary prevention. [27] [28] [29] Recent genetic Mendelian randomization studies have highlighted the role of serum triglycerides as a causal risk factor for coronary heart disease. 30 In the present analysis with all risk factors in the model, serum triglyceride levels were not an important independent cardiovascular risk factor. This is probably because serum triglycerides are closely related to both HDL-cholesterol and BMI, 2 risk factors that are measured more precisely than serum triglycerides, which show a high day-to-day variation also in the fasting state. A variable with a high coefficient of variation in the measurements are usually attenuated in the multiple models. 31 A secondary analysis in the present study using only serum triglyceride in the models showed a major impact of this lipid measurement regarding MI at all ages. HDL-cholesterol has been debated as being causally related to MI using genetic studies in recent years. 32, 33 In the present study, HDL-cholesterol seems to be protective mainly at middle age.
Smoking as Risk Factor
Smoking was the risk factor showing the greatest decline in prevalence over time, changing from above 50% to 6% during the follow-up period. This decline in smoking prevalence was paralleled with a decline in its impact as a risk factor on cardiovascular disease. The survival effect might well play a role here, but the rapid decline in smoking is probably mainly attributed to an increased awareness in the general population on the hazard of smoking in the 1970s and 1980s, resulting in a voluntary smoking cessation in the majority of subjects.
Blood Pressure as Risk Factor
The risk factor showing the most pronounced decline in impact over time in terms of reduction in RR was SBP. This was observed despite that the levels of SBP increased with aging. This phenomenon has previously been described by others.
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Statistical Method
The Cox proportional hazards model is the most widely used regression model for time-to-event data. In its most natural form, the model assumes that the regression coefficients are constant over time and analyses are conducted on a single time scale. Although the Cox model can easily be extended to allow for time-varying coefficients, the Poisson modeling The RRs are based on an interquartile range change in each continuous risk factor during a 5-year follow-up from each examination. BMI indicates body mass index CI, confidence interval;; HDL, high-density lipoprotein; LDL, low-density lipoprotein; RR, rate ratios; SBP, systolic blood pressure.
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Journal of the American Heart Association approach using time-split data not only allows for analysis on multiple time scales simultaneously, but also yields a simpler way of understanding the time-varying effects by treating the time, on an arbitrary scale, as a variable in the model. The time-varying coefficients are then simply interactions between the covariates and the time scale(s). In this study, we investigated the age dependency on several risk factors, which, in the Poisson model, reduces to the coefficients for the risk factors' interactions with attained age. Although the change in risk by aging is best described by the areas in the 3D plots, we also calculated RRs over 5-year intervals from each physical examination to make the data easier to compare in a traditional way. Five-year follow-up intervals allowed us to evaluate all individuals from the 82-year examination and were comparable to those used in the Honolulu Heart Program. 22, 23 Several lipid measurements were missing at the 60-year examination and were therefore imputed. However, because the regression models used measured data from all other examinations, the impact of the missing data at age 60 is likely to be minor.
In the main analyses, we did not include treatments versus hypertension, diabetes mellitus, or lipids, but given that such treatment might affect the results, we also performed secondary analyses with information on those medications included in the models. In general, the results were not principally changed, but the RRs for SBP and, to some extent, also for glucose were reduced. However, the main conclusion of the study, namely that LDL-cholesterol was significantly related to incident MI, whereas BMI and fasting glucose were related to incident heart failure also in the elderly, was still valid after adjustment for medications.
Strengths and Limitations
Among the strengths is the longitudinal design with a long follow-up period in a sample of individuals with the same age at baseline, which allowed us to study the change in risk factor importance over 4 decades. The fact that we only investigated white males makes the data less generalizable. It remains to be seen whether the same results are found in women.
During a follow-up period of many decades, such as in the present study, it is likely that changes in lifestyle have occurred in the society that might have an impact on the results. In the present study, the male cohort showed a high prevalence of smoking and high LDL-cholesterol levels and rather low BMI at middle age in the 1970s. At the age of 70, these 2 major risk factors had declined to the levels usually observed today in that age group. 34 Thus, the male, rather thin, smoking, high LDL-cholesterol "phenotype" being common in the present sample at age 50 is not so prevalent in industrialized societies currently. Therefore, the results in the present study from ages 50 and 60 years might not be applicable to middle-aged males presently.
Conclusions
Using a longitudinal design in middle-aged men spanning 4 decades showed that the impact of traditional cardiovascular risk factors generally declined with aging. However, some of the risk factors, such as LDL-cholesterol for MI, and BMI and fasting glucose regarding heart failure, remained significantly associated with incident cardiovascular disease also at old age.
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Outcome RR 95% CI Upper 95% CI Lower p-value Myocardial infarction Figure S1 . 3D graphs illustrating the impact of the different risk factors and age on the log incident rate of myocardial infarction. The p-values for the interaction term between those risk factors and age regarding myocardial infarction are given in the figures. Figure S2 . 3D graphs illustrating the impact of the different risk factors and age on the log incident rate of ischemic stroke. The p-values for the interaction term between those risk factors and age regarding myocardial infarction are given in the figures. Figure S3 . 3D graphs illustrating the impact of the different risk factors and age on the log incident rate of heart failure. The p-values for the interaction term between those risk factors and age regarding heart failure are given in the figures.
